Introduction
============

Population aging resulting from the increase of elderly population is a phenomenon observed in many countries around the world, including Korea, where elderly population is steadily increasing \[[@B1]\]. The average life span of Korean is currently reported as 78.5 years for men and 86.1 years for women, resulting in a 7-year greater life expectancy for women, and this led to an increased interest in the lifestyle and health in middle- and older-aged women \[[@B1]\]. The recent interest in health tends to focus on a change in lifestyle or diet. As the meat-based diet has have been suspected of increasing the incidence of chronic diseases, there has been an increase in the public interest in vegetarian diets as well as in campaigns to encourage eating more vegetables \[[@B2]\].

Vegetarian diets are predominantly plant-based. Compared to people who eat meat, vegetarians typically eat more mixed grains, peas and soy products, fruit, and green and yellow vegetables, and intake less sodium, saturated fatty acids, and dietary cholesterol, which decreases their risk of cardiovascular disease \[[@B3][@B4]\]. The traditional Korean diet consists primarily of grain and vegetables. In numerous studies, Western countries have been clearly shown to have a long history of health problems caused by excessive intake of animal-based foods such as meat \[[@B5][@B6][@B7]\].

Recently, some studies have focused on the effect of vegetarian diets on insulin resistance (IR) \[[@B6][@B8]\]. IR is a condition associated with a decrease in the effects of insulin, which has been considered to be the cause of type 2 diabetes and recently has been shown to be a symptom of high blood pressure and cardiovascular diseases, including metabolic syndrome \[[@B9][@B10]\]. In a case-controlled study in Japan that included 513 subjects, the dietary factors related to IR were analyzed, and a high fat/Western dietary pattern was found to have a significantly positive correlation with IR \[[@B11]\]. A study in Taiwan that included 391 vegetarian women and 315 non-vegetarian women reported that even after adjusting for the confounding factors, vegetarians had a lower risk of Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) than non-vegetarians \[[@B6]\].

Still only a limited number of studies has been reported the aspect of vegetarian diet in metabolic disorders such as IR. The objective of this study was to compare and analyze the dietary intake of vegetarian and non-vegetarian diet groups of postmenopausal women and the serum indices related to IR.

Materials and Methods
=====================

Subjects
--------

The study involved 102 postmenopausal women in age of 47 to 85 years old in Seoul and Gyeonggi-do. Vegetarian women (n = 54) and non-vegetarian women (n = 48) were recruited for the study through the official advertisements. All of the vegetarians had been on a semi-vegetarian diet that restricted the intake of meat and some food groups for at least 20 years. Composition of subjects\' age in each group was matched by 5 year term. The inclusion criteria were that subjects were in apparently good health, were nonsmokers, consumed alcoholic drinks in moderation, and did not take any nutritional supplements. This study was conducted according to the guidelines laid down in the Declaration of Helsinki. Written informed consent was obtained from all subjects.

Anthropometric assessments
--------------------------

Height and weight were measured by an automatic measuring instrument (DS-102, JENIX, Seoul, Korea), with the subjects wearing comfortable light clothes and without shoes. Using the height and weight, we calculated the body mass index (BMI: body mass index = Weight (kg)/\[Height(m)\]^2^), and we measured the body fat (%) with a body fat analyzer (TBF-105, TANITA, Tokyo, Japan).

Dietary intake survey
---------------------

Dietary intake survey was performed under the guidance of the investigator using a 24-h recall method for non-consecutive 3 days by well-trained interviewers. Food models, dishes, glasses, and spoons of various sizes were used to improve the accuracy of portion-size estimates. The nutrition and food intake by food groups was analyzed using a nutritional analysis program, Can-Pro 2.0 (The Korean Nutrition Society), based on the results of the survey.

Collection of blood and analysis of the biochemical indices
-----------------------------------------------------------

Blood samples were drawn in the morning hours, after a 12-h overnight fast. The samples were left at room temperature for 30 min, centrifuged for 15 min at 2,500 rpm to separate the serum, and then stored at -70 ℃. The serum cholesterol, HDL cholesterol, triglyceride (TG), and plasma glucose were analyzed with a commercial kit (Boehringer Mannheim GmbH, Mannheim, Germany) and an automatic chemistry analyzer (HITACHI 747, Tokyo, Japan), whereas the serum LDL cholesterol concentration was calculated according to Friedewald\'s formula \[[@B12]\]. Serum leptin was determined using a human leptin RIA kit (Linco Research, St. Charles, MO, USA), and serum insulin was measured by enzyme immunoassay (Immulite 2000, SIEMENS, IL, USA). To determine IR, we used the HOMA-IR index. Fasting plasma glucose levels and the insulin concentration were used to calculate the HOMA-IR, according to the formula of Matthews et al \[[@B13]\]: HOMA-IR = \[fasting plasma glucose (mmol/L) × fasting plasma insulin (µIU/mL)\]/22.5. Additionally, referring to other studies, a value of HOMA-IR above 2.0 was classified as IR.

Statistical analysis
--------------------

All analyses were performed using SAS™ (version 9.2, SAS Inc., Cary, NC, USA). The data were expressed as means ± standard deviations (SD). The significance of differences between the vegetarian diet group and non-vegetarian diet group for continuous variables such as the anthropometric index, the intake amount by food group and the nutrient intake amounts, blood lipid and leptin levels, insulin, glucose, and IR were analyzed by student\'s t-test. Blood indices such as serum leptin, insulin, and fasting plasma glucose levels and IR are influenced by body fat. To correct for this influence, further analysis was performed by adjusting for percent body fat in the ANCOVA (analysis of covariance). The significance level of all data was p \< 0.05.

Results
=======

General characteristics
-----------------------

The age and anthropometric measurements of the subjects are presented in [Table 1](#T1){ref-type="table"}. The average age of the vegetarians and the non-vegetarians was 62.6 and 60.2 years, respectively, with no significant difference. The height was not significantly different among the vegetarians and non-vegetarians, whereas the average weight in the non-vegetarian group was 58.8 kg, which was significantly higher than that in the vegetarian group, 53.9 kg (p \< 0.01). The BMI and body fat percentage of the non-vegetarians were 25.2 kg/m^2^ and 37.4%, respectively, which were significantly higher than those in the vegetarian diet group, 22.6 kg/m^2^ and 30.9%, respectively (each p \< 0.001).

Dietary intake
--------------

The total food intake amount and the intake by food group are presented in [Table 2](#T2){ref-type="table"}. The average daily total food intake of the vegetarians and non-vegetarians was 969.4 g. and 873.8 g, respectively, without a significant difference. Compared with the non-vegetarians, the vegetarian diet group had a higher intake of potatoes and starches (p \< 0.01), soybean and soy products (p \< 0.05), nuts and seeds (p \< 0.01), vegetables (p \< 0.001), and seaweeds (p \< 0.05), and a significantly lower intake of meats (p \< 0.001), milks (p \< 0.001), beverages (p \< 0.05), and seasonings (p \< 0.001).

The energy and nutrient intake is presented in [Table 3](#T3){ref-type="table"}. The total daily energy intake was 1405.9 kcal in the vegetarians and 1365.9 kcal in the non-vegetarians; the difference between two groups was not significant. The vegetarians consumed a significantly higher amount of plant protein (p \< 0.001) and carbohydrates (p \< 0.05) than the non-vegetarians.

Serum lipids, leptin, insulin, glucose, and HOMA-IR
---------------------------------------------------

The serum lipid levels of the subjects are shown in [Figure 1](#F1){ref-type="fig"}. The serum concentration of triglyceride and HDL-cholesterol was not significantly different between the two groups. The serum total cholesterol and LDL-cholesterol levels were 184.4 mg/dL and 111.2 mg/dL, respectively, for the vegetarians and 209.5 mg/dl and 133.5 mg/dL, respectively, for the non-vegetarians (p \< 0.001, p \< 0.01).

The serum leptin, insulin, and fasting blood glucose levels and HOMA-IR for the subjects are shown in [Figure 2](#F2){ref-type="fig"}. The serum levels of leptin (p \< 0.05), insulin (p \< 0.01), and fasting blood glucose (p \< 0.001) in the non-vegetarians were significantly higher than the levels in the vegetarians; the HOMAIR for the non-vegetarians was 4.6, which was significantly higher than the HOMA-IR of 2.9 for the vegetarians (p \< 0.001). The ratio of IR in each group (HOMA-IR \> 2.0) was analyzed (data not shown), and 68.5% of the vegetarian diet group and 95.8% of the non-vegetarian diet group showed IR (p \< 0.001). The serum levels of leptin, insulin, and blood glucose are reported to be closely related to body fat, and the results for each index, after adjusting for the body fat, are shown in [Figure 3](#F3){ref-type="fig"}. After adjusting for the percentage of body fat, the significant difference disappeared in the serum leptin and insulin levels between the non-vegetarians and the vegetarians. The vegetarian diet group showed significantly lower blood glucose and HOMA-IR than the non-vegetarian diet group (p \< 0.01), even with the exclusion of the influence of body fat.

Discussion
==========

The beneficial effects of a vegetarian diet in improving IR and glucose metabolism are well documented. Hung et al. \[[@B14]\] reported that vegetarians have notably lower fasting plasma glucose and serum insulin levels but higher insulin sensitivity than the genenral diet group. Having vegetarian diet is associated with reducing insulin secretion but the increase of glucagon secretion \[[@B15][@B16]\]. In a study in Taiwan, Chiang et al. \[[@B6]\] reported a significant relationship between a vegetarian diet and IR, after adjusting for confounding factors including age, menopausal status, and physical activity. In addition, for the lacto-ovo-, pesco-, and other semi-vegetarian subjects, the risk of type 2 diabetes was significantly lower than the risk in the non-vegetarian diet group, even after adjusting for several confounding factors \[[@B17]\]. In this study, the serum levels of leptin, insulin, fasting blood glucose, and HOMA-IR level were significantly lower in the Korean vegetarians who maintained a vegetarian diet for a long period of time than the Korean non-vegetarians. These results were comparable to those of previous reports \[[@B6][@B17][@B18][@B19]\].

In many studies including this study, the weight and BMI of vegetarians were significantly lower than those of non-vegetarians \[[@B6][@B20][@B21]\]. It is interpreted that the vegetarian diet increases the intake of dietary fiber and lowers the intake of saturated fatty acids, which could reduce the amount of body fat of subjects in this study \[[@B22]\]. It is reported to have protective effects against overweight and obesity \[[@B23]\]. Some studies report that the relationship could be influenced by the lifestyle and intake of protein and dietary fiber of the subjects \[[@B24]\]. In our study, the BMI and body fat percentage of the vegetarians were significantly lower than those of the non-vegetarians. This physiological difference between the two groups could have an effect on the glucose metabolism and IR. Valachovicová et al. \[[@B25]\] compared the fasting glucose, insulin, and HOMA-IR in vegetarians and omnivores with normal weight; although there was no difference in BMI between the two groups, vegetarians\' fasting glucose, insulin, and IR were significantly lower than the omnivores\'. Interestingly, in our study, after adjusting for body fat percentage, the significant difference in fasting blood glucose and HOMA-IR between the groups persisted ([Figure 3](#F3){ref-type="fig"}). However, the statistically significant difference in serum leptin and insulin between the two groups disappeared after adjusting for body fat percentage.

Vegetarians eat fruits, grain, nuts, beans, and vegetables and restrict their intake of certain food groups such as meat, fish, and poultry \[[@B26]\], and these are different dietary features from non-vegetarian. In this study, the difference in the energy intake between the groups was slight, although the energy intake from fat was significantly lower in the vegetarian diet group (p \< 0.01). The intake of animal protein and fat was significantly lower in the vegetarians than in the non-vegetarians whereas the intake of plant protein and energy from carbohydrates was significantly higher in the vegetarians. The vegetarians consumed notably greater amounts of plant-based foods such as beans, seeds, vegetables, and seaweeds than did the non-vegetarian diet group, whereas the intake of the animal-based food was significantly lower.

Number of people who adopt vegetarian diets is increasing in many countries \[[@B27]\]. It has been reported that a low fat vegetarian diet improves the control of glycemia and lipid levels \[[@B14][@B28]\] and reduces the risk of cardiovascular disease \[[@B29]\]. The preceding studies report a significant difference in the blood lipid levels of subjects who follow a vegetarian diet compared to those of the subjects in the non-vegetarian diet group \[[@B30][@B31]\]. A meta-analysis of randomized controlled trials shows that a low-fat diet for women lowers total cholesterol, HDL cholesterol, and LDL cholesterol, without a meaningful relationship with TG \[[@B32]\]. In this study, the subjects were postmenopausal women, and the total cholesterol and LDL-cholesterol levels in the vegetarian diet group were significantly lower than those in the non-vegetarian diet group, whereas there was no meaningful difference in the TG between the groups. Also, leptin is an adipokine dysregulated in obese and insulin-resistant subjects \[[@B33]\]. Insulin and leptin signaling constitute the adipo-insular axis, which contributes to the regulation of nutrient and energy balance in the body. Dysregulation of the adipo-insular axis may contribute to the progression of IR \[[@B34][@B35]\]. In our study, the serum levels of leptin and insulin were significantly lower in Koreans who maintained a vegetarian diet than the Korean non-vegetarians.

Vegetarian or plant-based diets usually provide a plenty of nutrients and bioactive substances such as monounsaturated and polyunsaturated fatty acids, soy or vegetable proteins, fiber, antioxidant vitamins, and a variety of phytochemicals through vegetables, fruits, whole grains, cereals, nuts, seeds, legumes, and soybeans \[[@B36]\]. Regarding the relationship of various diseases and a vegetarian diet, studies have reported an association of a vegetarian diet with diabetes and IR \[[@B19][@B36]\]. Wolfram & Ismail-Beigi \[[@B37]\] reported that vegetable and whole grain intake had a significant relationship with insulin sensitivity at the cellular level in 31- to 45-year-old Taiwanese women.

This study has some limitations. First, the study had a small sample size and thus needs to be repeated with a larger population. There may be a difference in IR based on the level of the vegetarian diet (lacto-ovo, pesco, semi-vegetarian) followed by the subjects; further research specifically investigating IR according to the vegetarian diet level of the subjects and involving higher numbers of subjects are necessary. Second, a detailed analysis of the nutrients or bioactive substances absorbed from a vegetarian diet is lacking, which is a limitation of the study. The effect of vegetarianism on IR differs by the nutritional components of the vegetarian diet. Despite these limitations, the results of this study are strengthened by studying the subjects who have maintained a long-term (over 20 years) vegetarian diet.

Conclusion
==========

Vegetarianism is a dietary regime based predominantly on food from plant sources; it is related to heart disease, cancer, obesity and various chronic diseases. In this study, postmenopausal women were grouped into a vegetarian diet group and a non-vegetarian diet group, and their dietary intake and serum indices related to IR were analyzed. Compared with the middle-aged women who followed a non-vegetarian diet, the weight, BMI, and body fat percentage of those who followed a vegetarian diet were significantly lower, and the results of serum leptin, insulin and fasting glucose showed same trend. Furthermore, the HOMA-IR levels of the vegetarian subjects were lower than those of the non-vegetarian women, even after adjusting for the percentage of body fat. The results of this study support the beneficial effect of a long-term semivegetarian diet specifically, that it can improve the IR and glucose metabolism in postmenopausal women.
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###### Anthropometric measurements of the subjects

![](cnr-4-175-i001)

  --------------------------------------------------------------------------------
                             Vegetarians\     Non-vegetarians\   Significance^†^
                             (n = 54)         (n = 48)           
  -------------------------- ---------------- ------------------ -----------------
  Age, year                  62.6 ± 9.0^\*^   60.2 ± 5.7         NS^‡^

  Height, cm                 154.1 ± 5.8      152.6 ± 5.0        NS

  Weight, kg                 53.9 ± 9.0       58.8 ± 6.8         p \< 0.01

  Body mass index, kg/m^2^   22.6 ± 3.4       25.2 ± 3.1         p \< 0.001

  \% body fat                30.9 ± 7.6       37.4 ± 6.9         p \< 0.001
  --------------------------------------------------------------------------------

^\*^Mean ± standard deviation; ^†^Significance as determined by Student\'s t-test; ^‡^Not significant.

###### Amount of subjects\' food intakes from each food group

![](cnr-4-175-i002)

  ------------------------------------------------------------------------------------------
                                    Vegetarians\        Non-vegetarians\   Significance^†^
                                    (n = 54)            (n = 48)           
  --------------------------------- ------------------- ------------------ -----------------
  Total food, g/day                 969.4 ± 245.1^\*^   873.8 ± 316.6      NS^‡^

  Cereals, g/day                    284.2 ± 109.6       256.0 ± 72.5       NS

  Potato and starches, g/day        55.8 ± 76.9         24.4 ± 38.9        p \< 0.01

  Sugars and sweeteners, g/day      5.1 ± 10.4          3.1 ± 4.2          NS

  Soybean and its products, g/day   78.7 ± 76.8         49.8 ± 39.0        p \< 0.05

  Nuts and seeds, g/day             8.4 ± 15.6          1.1 ± 3.1          p \< 0.01

  Vegetables, g/day                 282.8 ± 115.1       204.1 ± 96.2       p \< 0.001

  Fungi and mushrooms, g/day        1.8 ± 5.0           0.6 ± 3.4          NS

  Fruits, g/day                     156.5 ± 115.1       116.7 ± 137.9      NS

  Meats, g/day                      1.9 ± 4.4           38.2 ± 33.5        p \< 0.001

  Eggs, g/day                       11.0 ± 19.7         10.5 ± 15.8        NS

  Fish and shellfishes, g/day       23.0 ± 30.2         30.7 ± 30.7        NS

  Seaweeds, g/day                   28.8 ± 17.8         21.1 ± 12.0        p \< 0.05

  Milks, g/day                      11.6 ± 33.3         74.8 ± 104.1       p \< 0.001

  Oils and fat, g/day               4.8 ± 3.0           5.2 ± 4.0          NS

  Beverages, g/day                  4.4 ± 20.1          17.9 ± 42.1        p \< 0.05

  Seasoning, g/day                  6.9 ± 12.0          9.0 ± 20.1         p \< 0.001
  ------------------------------------------------------------------------------------------

^\*^Mean ± standard deviation; ^†^Significance as determined by Student\'s t-test; ^‡^Not significant.

###### The daily nutrient intakes of the subjects

![](cnr-4-175-i003)

  ------------------------------------------------------------------------------------
                             Vegetarians\         Non-vegetarians\   Significance^†^
                             (n = 54)             (n = 48)           
  -------------------------- -------------------- ------------------ -----------------
  Energy, kcal               1405.9 ± 323.4^\*^   1365.9 ± 410.5     NS^‡^

  Protein, g                 50.0 ± 15.4          52.4 ± 18.3        NS

   Animal protein            8.5 ± 6.9            19.8 ± 12.6        p \< 0.001

   Plant protein             41.5 ± 14.0          32.6 ± 9.9         p \< 0.001

  Fat, g                     23.4 ± 9.8           27.5 ± 14.3        NS

   Animal fat                2.9 ± 2.7            10.2 ± 7.0         p \< 0.001

   Plant fat                 20.4 ± 9.5           17.3 ± 12.2        NS

  Carbohydrate, g            251.0 ± 57.7         227.5 ± 61.8       p \< 0.05

  Carbohydrate, in kcal, %   71.7 ± 5.4           67.6 ± 6.2         p \< 0.001

  Protein, in kcal, %        14.2 ± 2.6           15.2 ± 2.5         NS

  Fat, in kcal, %            14.8 ± 4.5           17.4 ± 5.1         p \< 0.01
  ------------------------------------------------------------------------------------

^\*^Mean ± standard deviation; ^†^Significance as determined by Student\'s t-test; ^‡^Not significant.
